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general public, including foreign nations,

This technical report has been reviewed and is approved for publication.
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SUMMARY
BACKGROUND

To assure that future weapon systems operational requirements
are met, the following needs must be fulfilled:

l. An estimation of the personnel requirements which will arise
from the implementation of future weapon systems

2. Identification of possible difficulties in fulfilling future require-
ments
3. Development of techniques capable of defining and identifying

corrective actions which can be taken to avert, or at least
diminish, the effect of future personnel shortages on weapon
operation

This technical report describes the results of an effort undertaken
as an attempt to satisfy these needs. Within that effort, the Personnel
Availability Model (PAM) was developed to project the future availability
of Air Force personnel on the basis of historical data recorded in the
Uniform Airman Record ({UAR). This report describes techniques identified
1 in that effort with the ability tc improve the projection capability of
the PAM and extend its productivity in the analysis of Air Force
personnel availability.

b | APPROACH

The PAM uses a Markov process to represent the career transition :
activity of Air Force personnel. The Markov process also serves as the “
basis for projection of transition activity to predict the future status
of personnel. Use of this approach is based on an assumption that the
population under examination is homogeneous in terms of its career
transition behavior. To verify this assertion, an effort was undertaken
to examine the PAM data base sample of Air Force personnel and
determine (a) whether that population violates the homogeneity assumption
necessary for its application to the analysis of Air Force personnel
availabitity, and (b) whether attributes of Air Force personnel could
be identified to define subpopulations which do not violate the
homogeneity assumption. In short, the objective of the effort described

' in this report was to check the validity of the Markov model and, thus,
the homogeneity assumption for technical personnel.

To achieve this objective, two procedures were developed.

Procedure One Appiies statistical techniques to the PAM data base.
It is designed as a search procedure to identify
personnel attributes which might impact personnel
transition (impacting attributes).
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Procedure Two Makes accurate availability projections if impacting
personnel attributes are identified. It involves the
development of availability projections based on
homogeneous subpopulations, as defined by their
impacting attributes.

Note that accurate projections can be made only if the population in
question is homogeneous as tested by the two procedures.

RESULTS

Impacting attributes recorded in the UAR, which would indicate
a need for identifying homogeneous subpopulations, could not be found
in the existing PAM data base for technical personnel. Therefore, the
accuracy of the Markov model formulation for technical personnel and
the assumption of homogeneity was supported.

Two statistical techniques are used in the first of the two
procedures. These techniques are capable of:

1. Extending the range of the PAM application; checking the validity
of the Markov and homogeneity assumptions; and, directly applying
the PAM to all Air Force personnel (technical and nontechnical).

2. Modifying the PAM transition probabilities so that the impact
of any expected or proposed changes in Air Force personnel policies
can be evaluated through PAM projections.
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PREFACE

This is the second of three technical reports which describe the
Personnel Availability Modet (PAM), its related application methodology,
and application techniques. The model is designed for use in projecting
and analyzing the future availability of Air Force personnel. Work was
performed under USAF Contract No.NF336IS-77-C-0032.

N

Technical report AFHRL-TR-79-66 presents the development and
functions of the PAM and its related data bank. This report (AFHRL-TR-
79-67) describes application techniques of the model. Report AFHRL-TR-

7v79-68 provides a program description which includes a PAM analysis of

Air Force personnel.

Work was directed by the Advanced Systems Division, Air Force
Human Resources Laboratory, Wright-Patterson Air Force Base, Ohio.
It is documented under Work Unit 19590003 of AFHRL Project 1959,
"Advanced System for Human Resources Support of Weapon Systems
Development." Dr. William 8. Askren was the Project Scientist.

Mr. H. Anthony Baran was the Work Unit Scientist and Air Force
Contract Manager. Mr. John Goclowski was the Contractor Program
Manager.

Work Unit 19590003, "Air Force Personnel Availability Analysis,"
was undertaken to provide the Air Force with improved tools and
techniques for anticipating the future impact on its personnel force
structure resvlting from the human resource requirements of new weapon
systems.

Appreciation is extended to Dr. Gordon A. Eckstrand and
Dr. Ross L. Morgan of the Advanced Systems Division for their guidance
in constructing the modeling system described in this report, and to
Dr. Robert A. Bottenberg of the Computation Sciences Division of the
Air Force Human Resources Laboratory for his help in obtaining the
personnel data essential to its operation,
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INTRODUCTION

The effort described in this technical report was conducted to
develop tools and technigues that would extend the Air Force capability
to analyze the availability of its personnel and estimate their availability
in future time-frames. The purpose was to fulfill a need to compare
the manpower requirements of new weapon systems with projections
of manpower availability at a time when personnel would be required
to support the operation of those sytems. The goal of such @ comparison
is to reduce or avoid the incidence of personnel shortages through system
development planning while considering the implications of both design
and support personnel availability.

In developing the tools and techniques, the career transition activity
of Air Force personnel was modeled in terms of a Markov process.
The result was the Personne! Availability Model (PAM) described in
AFHRL-TR-79-66. Use of a Markov formulation was predicated on several
assumptions, which also are described in that report with respect to
the prediction of career progression behavior in Air Force personnel.
The assumptions include the existence of relationships between career
transition activity of Air Force personnel and descriptors of those personnel
(personnel attributes) as recorded in the Uniform Airman Record (UAR).

The focus of PAM effort was to determine if patterns of similar
career transition activity could be predicted on the basis of the personnel
attributes of an airman population, and if identifiable subpopulations
could be determined to behave in a similar manner. Techniques were
idéntified and applied to determine (a) the statistical significance of
personnel attributes as determinants of career transition behavior; and
(b) the relevance of such determinants, if found, to the solution of
real world personnel availability prediction problems within the Air Force.
The results include:

I, Confirmation of the applicability of the Markov process to PAM
requirements

2. Extension of the PAM's capability to address the prediction of
future availability for nontechnical as well as technical, Air Force
Specialty Codes (AFSCs)

3. ldentification and development of two procedures to increase
the utility of the PAM

The two resulting procedures were defined to determine whether
relationships existed between personnel career transition activity and
personnel attributes which might either detract from the proprietary
of a Markov process for use in personnel availability analysis or be
used to increase the accuracy of PAM predictions or extend its
applicability. It entailed a search for statistical analysis techniques which
could be applied to the PAM data base to identify homogeneous behavior

7
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on the part of personnel who could be described in terms of a single
attribute or a combination of attributes. It should be noted that the
sole objective in isolating such "driving attributes" was to establish

a basis for statistical inference in the prediction of transition activity,
and not fo ascribe causality or quantify those relationships which might
be found to exist.

Procedure One can be used to determine whether personnel
attributes significantly affect, or can be used to predict, the career
transition activity of Air Force maintenance personnel. Procedure Two
can be used to quantify the aggregative effects of the combinations
of personnel attributes found to be related to career transition activity.
It can also be used to determine what changes should be made in the
transition probability matrix used by the PAM to project the future
availability of personnel on a year-by-year basis.

The purpose of this report is to provide a greater understanding
of relationships between career transition behavior of personnel and
their characteristics (driving attributes). In terms of Procedures One
and Two, this report intended to further examine the merits of the
assumptions made in the development of the PAM, and identify techniques
to increase the accuracy of personnel availability predictions and extend
the limits of applicability.

ettt 1T -



PROCEDURE ONE: RECOGNIZING TRANSITION IMPACTING
ATTRIBUTES

Two techniques are used in Procedure One to recognize transition
impacting attributes. They are categorical analysis and dependency analysis,
as described in this section. (Because general purpose statistical packages
already exist in the Air Force inventory of computer programs, the
techniques used in this study are not included in the PAM computer
program.)

Figure | presents the PAM projection process incorporating
Procedures One and Two. Note that Procedure One is a part of a branch
which may be required if lack of homogeneity is suspected. This branch
is made following an inspection of the abbreviated UARs for those
personnel involved in the projection.

THE TECHNIQUE OF CATEGORICAL ANALYSIS

The purpose of categorical analysis is to identify homogeneous
subpopulations with significantly different transition rates. Since such
groups are defined by the personnel attributes they share in common,
the main task of the analysis is a systematic search for driving attributes.
Thus, the goal of categorical analysis is to determine the combinations
of driving attributes necessary to make divisions (in terms of transition
rates) among the population.

The categorical analysis technique was designed for the following
hypothetical probiem type (the histograms mentioned below are described
later in this section).

It has been found that |0 percent of the males in AFSC 328x0
left the Air Force in 1975. The distribution of these losses across
each of the remaining attributes is examined to find which, if

any, show nonuniform loss rates. Histograms of loss frequency
versus other attributes are suitable displays for this purpose.
Furthermore, among the several displays, the one for losses versus
schoo! (years of schooling beyond eighth grade) shows that 90
percent of the total losses were college graduates. Another
histogram of 328x0 males by schoo! indicates that 20 percent

of the 328x0 males are college graduates. These indicate a pre-
dominantly noncollegiate population with a preponderance of college
graduotes among the losses. It follows that school is an attribute
that distinguishes between two similar subpopulations with disparate
loss rates; therefore, school is a driving attribute.

Other transitions and subpopulations may be investigated in much
the same manner to identify the driving attributes for other state/
transition combinations. Thus, the analysis represents a systematic
comparison of transition rates as frequency distributions over individual

b
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attributes, a qualitative discriminant analysis where the presence or
absence (high or low values) of specific attributes is indicative of sub-
population membership.

The statistical portion of categorical analysis is not complex.
The major tools used in the analysis of categorical data are histograms
generated by the Statistical Analysis Subsystem (SASS). Figures 2, 3,
and 4 provide examples of histograms. The histogram in Figure 2 is
a plot of the frequency distribution of the Armed Forces Qualification
Test (AFQT) composite of the Armed Services Vocational Aptitude Battery
(ASVAB), for the 431xx AFSC first-term enlistees in 1985. The ordinate
is the frequency of occurrence and the abscissa is the possible values
taken by the variable AFQT. Figure 3 shows the distribution of losses
for that same group of airmen. In itself, Figure 3 offers little insight
into the effect of AFQT on the loss rate. However, Figure 4 hypo-
fhehcally shows the distribution of losses over AFQT, mdlccmng that
AFQT is indeed a driving attribute.

Categorical analysis involves histograms and simple t-statistic
tests to determine the significance of differences between the means
of the distributions compared. The key to the analysis is comparison.
If the distributions of transitions and populations over the same variable
are similar, that variable is not a driving attribute; if the distributions
show disparate transition rates, the variable is likely to be a driving
attribute. The product of this analysis is a sequenced list of driving
attributes which contain all the information necessary to cross-clossufy
the airmen into homogeneous subpopulations. However, there is a
subjective decision to be made: How different must the distributions
be to indicate discrimination?

The terms "similar" and "disparate" are vague. Therefore, criteria
must be set for determining when distributions are different. 1t was
decided that a significant difference in the means of two distributions
(using a t-test at the .05 level) is sufficient to indicate that the
population is heterogeneous in relation to transition rates and must
be divided into subpopulations to project personnel availability.

Another problem is how to make the division. For dichotomous
or polytomous variables (see Table 1) the divisions are obvious--the
population is split along the dichotomies and relevant polytomies. The
discrete variables must be divided into intervals (for example, years
of service (YOS) may be broken into first enlistment, second enlistment,
and career personnel if results indicate that this is reasonable). There
should be as many intervals as there are subpopulations discernible within
the given population. The boundary locations may be natural, as in YOS
above; regular, as in quartiles; or artificial, when the boundaries are
well svited to the distribution exhibited, but there is no natural break.
Figures 5 and 6 illustrate how dichotomies and polytomies may be
categorized. Figure 7 gives two examples of interval splitting of discrete
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variables. There is no general rule for the interval selection. However,
the results of individual analyses should indicate the best choice for
the given attribute.

Table | - Variable Types.
Range/# of
Variable Type Categories
Transition Polytomous 5
AFSC Polytomous 13
Proficiency Pay Discrete 0-3
Hazardous Duty Status Discrete 0-100
Skill Level Discrete 3-9 (coded 1-4)
Academic Level Discrete 1-20
Method of Upgrade Training Polytomous 7
Test Scores Discrete 0-99 (coded 1-20)
Grade Discrete 3-9
Year of Service Discrete 0-21
Race Polytomous 3
Sex Dichotomous 2
Age Discrete 0-00
Marital Status Polytomous 3
# of Dependents Discrete 0-00
Special Experience 1D Polytomous 17

The result of the histogram analysis is a list of driving attributes,
the variables having a first order effect on transition rates. However,
duplication of these effects among the variables may result because
of a strong correlation between two or more variables. It is also con-
ceivable that a second order interaction effect may be missed in the
first pass through the variables. A refinement of the driving attribute
identification process, as follows, should avoid these deficiencies.

1. Conduct first pass through the attributes as explained above.

2. From among the attributes falling out of the first pass, select
the driving attribute that indicates the greatest disparity among
transition rates.

3. Divide the whole population into subpopulations according to the
relevant dichotomies, polytomies, or intervals for the most
significant attribute.

4. Repeat the process for each of the individual subpopulations with

a second attribute, third attribute, and so on selected for the
variables remaining at each state of the stepwise process.

18




Terminate the process when none of the attributes remaining
for each subpopulationfits the criteria for designation of driving
attributes.

The output of this process is a sequenced list of driving attrit.utes

which contains all of the information necessary to cross-classify the
airmen into homogeneous subpopulations.

In summary, categorical analysis involves the identification of

attributes that coincide with nonuniform population transition rates.

The search for driving attributes to define the subpopulations is conducted

by comparing the frequency distributions of transitions.

THE TECHNIQUE OF DEPENDENCY ANALYSIS

A dependency analysis is conducted to determine the functional

dependency of transition rates on the various attributes. It is directed

toward devising a weighting scheme for the attribute relative to transition

rates. Therefore, this type of analysis is based upon the investigation
of interrelationships among the various attributes.

In dependency analysis, a transition is viewed as a response

(dependent) variable and the Uniform Airman Record (UAR) file is

considered a vector of explanatory (independent) variables. The dependency

analysis technique was designed for the following hypothetical problem

type.

A transition has been made. This transition is associated with
information available in the 1975 UAR file for the transitioning
airman. Airmen with sufficiently similar UARs have the same
transition probabilities. The goal of dependency analysis is to
develop the decision rule that best matches the actual results.
That is, to build a model that most nearly would reproduce the
observed transitions when the actual UAR records are used as
input. Hence, the objective is to model the transition process
with an algorithm, equation, or decision rule that will produce
the expected tronsition file based on the input record. '

Two forms of regression analysis were used as the dependency

analysis technique. They are logit and discriminant analysis. A detailed
description of logit analysis is provided in Appendix A. Discriminant
analysis is detailed in Appendix B. Both appendix descriptions provide
technical details and an analogy with Ordinary Least Square (OLS)
regression.

The resuits of logit analysis may be applied to the PAM projection

process in three ways. First, to identify variables that may contain
significant information concerning transition probabilities. This provides
not only a cross-check of the previous analysis of histograms, but also
a valuable indication of which histograms are required.

{9
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The second use of the logit analysis is to assess the loss in
projection accuracy which must occur when specific attributes are
deleted from the cross-classification of data. Since there is a manage-
ment cost for each variable included in the list of driving attributes,
it is desirable to keep the list as short as possible. Logit analysis may
be used to determine which attributes may be dropped from the 'ist
if a certain margin of projection error is allowable. For example, ignoring
marital status may result in a two percent increase in classification
error, but may present a four percent decrease in management costs.

The logit analysis can aid in the assessment of cost/accuracy trade-offs.

The third application of the logit analysis is the impact assessment
of Air Force personnel policy changes. This use of the logit analysis
technique was discovered as a byproduct. [t will be discussed later in
a section of this report entitied "Modifying Transition Probabilities."

In summary, dependency analysis involves the investigation of
interrelationships among various attributes. It employs a statistical
regression technique to discover such interrelationships.

SUMMARY OF PROCEDURE ONE

Availability projections for subpopulations are highly similar to
projections for homogeneous populations. The main differences are that
each homogeneous subpopulations (within an AFSC) must be projected
separately, and then the results for all subpopulations must be summed
to obtain the AFSC results. In addition, a user should be aware of
possible projection inaccuracies due to small size of homogeneous sub-
populations.

Categorical and/or dependency analysis may be used in any given
situation where the potential presence of driving attributes is under
investigation. While categorical analysis tends to be easier to use,
dependency analysis is more precise and powerful. Categorical analysis
will tend to indicate more obvious driving attributes while dependency
analysis will tend to indicate less obvious driving attributes.

It is preferable to apply the categorical analysis first. This will
assure the user that all driving attributes have been discovered. Once
discovered, it is relatively simple to proceed accurately with the pro-
jection process described in the following section.
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PROCEDURE TWO: MAKING ACCURATE AVAILABILITY PROJECTIONS

Based on the results of categorical and/or dependency analysis
in Procedure One, a user will be aware of any homogeneous subpopula-
tions within a given AFSC (as indicated by the driving attributes). These
homogeneous subpopulations should then be projected separately with
the PAM to satisfy the assumptions of the Markov process. Each of
the homogeneous subpopulation projections would follow the PAM applica-
tion methodology using the existing PAM data base. The main differences
between the projection procedures for entire homogeneous AFSCs
(described in AFHRL-TR-79-66) and the projection procedures for
homogeneous subpopulations within AFSCs are as follows.

l. Individual homogeneous subpopulations (within AFSCs) are extracted
making use of the normal subpopulation selection features of
the PAM and the driving attributes. The initial state matrices
are filled according to the attributes selected as a result of the
statistical analyses. The transition probability matrices are then
computed as described in AFHRL-TR-79-66. (Note that changes
in transition probabilities will be automatically made by the PAM
depending upon which homogeneous subpopulations are being
projected.)

2. The results of each homogeneous subpopulation projection (within
a given AFSC) are summed at common time intervals to give
the total HR availability projection for the entire AFSC.

Recall that Figure | presented the PAM projection process incorporating
Procedures One and Two.

Considerations other than homogeneity also must be taken into
account in the generation of subpopulations. Two of these considerations
are computational cost and efficiency, both of which tend to constrain
the number of subpopulations that can be used. As a result, accurate
personnel availability projections are a function of the sample size and,
thus, the number of subpopulations. When the total number of airmen
in a transition state decreases, the accuracy of the estimated transition
probabilities also decreases.

T

"~~_ Since transition probabilities have a multinomial distribution, the
error in~the estimated transition probability is a function of the number
of airmer:\n\q particular state (see Appendix C for a derivation of

this relotionshiB);‘J-i\ence, the user is faced with a trade-off. To accurately
reflect a Markov protess, as many subpopulations as necessary should

be used to achieve homogencity. To more accurately estimate the
transition probabilities used in that-Markov process,as few subpopulations
as possible should be used.

The minimum value of n necessary for given confidence limits
on the estimated transition probabilities are given in Appendix C. For
example, a 90 percent confidence limit of +.15 on the estimated
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transition probabilities requires that the state contain about 25 airmen,
depending on the probability value. Operating on data which represent
state sizes that are large enough ensures that spurious differences
in transition rates are not identified as real differences.
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DATA PROCESSING

Three statistical techniques were used in the analysis of transitions:
histograms, logit analysis, and discriminant analysis. Using these techniques,
a mathematical model was built that regressed the dependent variable
on the independent variables. The results of the analyses are well suited
to identify homogeneous subpopulations.

For these analyses, the abbreviated UAR was subjected to a
recording process. Because computer programs available for these purposes
require specific input data types and formats, it is necessary to convert
UAR data to meet the requirements. The UAR data are primarily alpha-
numeric; the analyses operate only on numeric data. Therefore, the
UAR data were altered as follows.

l. A variable was created to identify the actual transition of an
airman in 1975,

2. The individual records were condensed so that data for the
histogram analysis contained the attributes listed in Table 2 for
1975 and 1976.

3. All alphanumeric File Item Data Organizer (FIDO) codes were
converted to numeric codes as shown in Table 2.

This alteration should be suitable for most computer pregrams
that generate histograms. Packages for logit and discriminant analyses,
however, probably require some polytomous variables to be expressed
as a string of binary dummy variables. For example, the transition variable
in the files created for the Statistical Analysis Subsystem (SASS) can
be values from one to five in which:

Loss
Transfer
Upgrade
Increment
Recruit

NEWN -~
WoHononn

The program used for logit and discriminant analyses required
that the transition variable be expressed in the following steps.

Define 4 dummy variables--x!, x2, x3, and x4.

i
2. Set all variables to .
3. If airman i is lost, set x| = |.
4, If airman i transfers, set x2 = |.
5. Continue in the above manner so that:
1000 = Loss
0100 = Transfer
0010 = Upgrade
0001 = Increment
0000 = Recruit
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Table 2 - Data File.

Selected
Attributes Code Definitions of Attributes New Code
S WS NN SN G GMN IUR FED BN GEN UED SN GND BOW GER GED GER AN SN MU GRD BN S S5 N MY G S GED NS NN SIS B N B ;S A
1. AFSC 325X0 = automatic flight control system 01
325X1 = instrument systems 02
328X0 = avionic cormmunication 03
328X1 = avionic navigation systems 04
328X4 = inertial and radar navigation systems 05
423X0 = aircraft electrical systems 06
423X1 = environmental systems 07
423X3 = fuel systems 08
£73X4 = pneudraulic system 09
'AX2 = jet engines 10
431X1C = aircraft maintenance (jet, 1 or 2 engines) 1
431X1E = aircraft maintenance (jet, over 2 engines) 12
531X3 = airframe repair 13
External = 14
N B B S BN D B S S I SED N S A0S ENE SIS NN T AU SEG NN SN BN BND OGN AN ONF BN OB BN SN AN AN I W e
2. Proficiency L = recruiting status with less than 6 month’s experience 01
Pay P = recruiting status, greater than 6 month’s experience o1
Q = military training instructor in basic military training school 01
1 = fowest level of pro-pay o1
2 = second lowest level of pro-pay 02
3 = highest level of skill-rated pro-pay 03
4 = designated for pro-pay but not awarded 04
5 = pro-pay 2 status terminated 05
6 = pro-pay 3 status terminated 06
7 = 6 months as recruiter but below P-1 pay 07
9 = assigned below group level P-1 09

3. Hazardous
Duty Status

personne! entitled to hazardous duty pay based on duty assigned

personnel entitled to hazardous duty pay + hostile duty pay

2

3

4

5

6

7

8

9 }= hostile pay only
B

Cc

D

X

1 = assigned to flying crew duty
A

e

= assigned to flying crew and hostile duty

<
"

not assigned to hazardous duty

N
®

unknown

03

05
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Table 2 - Data File (continued)
Selected
Attributes Code Definitions of Attributes New Code
g iy 5 1 1 & L T I ¥ I § ¥ } ® J R Q0 J§ J§ B J ¥ B J 1)
4.  Skill Level 1 = unskilled in AFSC 01
3 = semi-skilled in AFSC 02
5 = skilled in AFSC (technician) 03
7 = advanced in AFSC (specialist) 04
9 = superintendent in AFSC 05
N DS NN WIS ON BS UES BN BN N UND AND GED GNP BNS NN SN GED DN NN SED NS GES NS SND BN VD W TEU I NN BN BN D BN D BN B =
5. Grade Level 31 = basic airman 01
32 = airman 02
33 = airman first class 03
34 = sergeant 04
35 = staff sergeant 0s
36 = technical sergeant 06
37 = master sergeant 07
38 = senior master sergeant 08

E = ief
4 --------3&-‘:%‘“32'-“' an-t---_--------_---09_-_---

6. Year of Service 1975 (1]
(No. of years 1974 02
TAMS)
03
04
05
19xx 75-xx
1976 o1 .

;- 7. Race C = caucasian

N = black 02 ;
X = other 03 !
Z = unknown 04 C
S EN NN SEN NI TN DA N GER NN NN END (WD SIS MIR ENN D SED BN S00 SR S5 NU IR (NN S GND N W A0S R BN W BN SN N G e W
8.  Marital A = annufed 01 Co
Status D = divorced 02 =
1 = interlocutory 03 f

L = legally separated 04 a

W = widowed 05 1
$ = single 06 i i

M = married 07

D GE I SN T D BN W SN R S SR S S N S S ER D G5 G S D O SR G G S I GRS A S O A ©
Sex M = male 01 3
F = female 02 1
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Table 2 - Data File (continued)
Selected L .
Attributes Code Definitions of Attributes New Code
D SR W A ED TED SR 2D OhS BN NS MED 08 S I I BN I D D BN GNS BN S D I TN G BB G & S &S 6 .
10. Test Scores sdministrative test % ranges
(ASVAB) slectronics test from 0-99
general test all in
mechanical test increments
of five
AFQT }
----——---—------------------------- |
11.  Highest A = non-high school 03
Academic
Level c
(years of D = high school completed (4 years) 04
schoot) E
(‘3} = high school + additional years 05
1
H
| = associate degree 06
J
L = 3 years of college ) 07
K
M = 4 years of college 08
N
Y .
1 = graduate work in progress 09
P
‘ 3 = graduate work completed 10
F.} = master’'s degree + 1"
3 3 = Doctoral degree 12
T = second professional degree 16
U = third professional degree 20
Blank = no record of education blank :
Y Yy A I rr 2y I3 rrrx:x r I r I r gl j
12. Training Status 0 = not applicable o i
mw of 2 = upgrade under new system—no board action 02 !
tin :
Upgr'o:c 3 = upgrade under new system—with board action 03
4 = waived by classified in board 04 )
5 = waived by HQ USAF 05 !
6 = test deferred 06
7 = passed test 07
9 = unknown 08
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Table 2 - Data File (continued).

Selected . .
Attributes Code Definitions of Attributes New Code
I 1T T r r 1 fr 37 I ¥ Ir rJrrfr 31 r P rrfrfrJfrJ Jf¥rJrIrtftTryJlyrrIirro
13. Special 501 = A-10 o1
Experience §22 = F/RF-4 02
tdentifier
529 = F111F/FB-111 04
832 = F5 05
§33 = F.15 06
536 = F-16 07
538 = A7D 08
545 = C-5 09
546 = C9 10
550 = C141 n
569 = E-3A/B (AWACS) 12
572 = C/AC/DC/HC/RC/WC-130 13 for 1976
573
574 = AC130, C130A/D/HC-130H/P/N 13 for 1975
580 = C/KC/RC/EC-135/137 14
586 = B-52/D/E/F in 1975, in 1976 is B8-52 15
CL L L L L YT T T T LT
14. Age 1975 — year of birth 1975—year of birth
xx — year of birth nx—year of birth
--------------------------------_--------'
15. Number of Numeric Numeric
Dependents
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Other attributes which were similarly expressed were race, marital
status, sex, training status, and special experience identifier.

Several of the remaining polytomous variables can be transformed
to simulate continuous variables. For example, the alphanumeric attribute,
Highest Academic Level Achieved, was transformed to a variable, Years
of School {as shown in Table 2). The decision to create dummy variables
or to simulate continuous variables for each attribute must be based
on the presence or absence of an underlying ordinal ranking for the
individual attribute. A test for the existence of such a ranking is derived
with the question: If two airmen have different FIDO codes for the
same attribute, can it be said that one has more of that attribute than
the other? If the answer is affirmative, there exists an ordinal ranking
scheme. The problem then is to determine the basis of the ranking.

In the case of race, for example, the designation is categorized without
a quantitative implication. Thus, no ranking is possible. On the other
hand, for the Highest Academic Level Achieved (FIDO AC-025) attribute,
the designates do imply a continuum and the possibility of rank ordering.
What remains is to select the basis, which is years of schooling in this
case. Because K (Bachelor's degree) indicates a higher academic level
than D (high school diploma), it is understood that more time was needed
to achieve level K. Hence, years of schooling required to attain an
academic level is a suitable basis for assigning pseudo-continuous values
for this attribute.

It is recognized that this may introduce some error into the calcu-
lations. For example, some bachelor degrees require five years of study,
while some individuals may legitimately document six, seven, or eight
years of college without completing a degree. Since few enlisted personnel
are likely to have advanced degrees, however, it is expected that this
error would be very small.




MODIFYING TRANSITION PROBABILITIES

The PAM has presented a methodology for projecting the future
availability of HR. However, the development of that methodology was
based on the implicit assumption that the personnel transition process
itself remains unchanged over the projective time period. In certain
applications, this is a simplified and somewhat unrealistic representation
of the Air Force personnel system. A more complete analysis requires
that the following dynamic elements of that system be considered.

l. The variation of budgetary and authorization constraints.
2. The advent of new, more sophisticated weapon systems.
3. The conditions of the national labor market.

Each of these elements and others directly affect the quantity and
quality of available manpower.

A need, therefore, exists to assess the likely impact of these
dynamic elements on personnel availability, expecially when questions
arise concerning the likely effects of a policy change. Presently, the
PAM system can generate at least qualitative answers to such questions.
By using the results of a logit analysis (detailed in Appendix A), it
was found that a PAM user may systematically examine the quantitative
effect of policy changes on future HR availability. However, the user
must know the effect of each policy change on the transition probabilities.

A logit equation gives the transition probability of an airman
with a specific set of attributes. It is easy to compute a new transition
probability if the set of attributes is perturbed. Thus, the user may
assess the impact of changing any attribute or combination of attributes
on the transition probabilities. Given sufficient familiarity with the
equation, it is possible to determine which variables significantly influence
the transition probabiiities and to determine the degree of influence.

Once the influences are determined, changes in the transaction
probabilities can be made using the existing PAM maintenance function. ]
This function allows the user to modify manually any of the elements :
of the transition probability matrices. The link between perturbed attributes ‘
and resultant changes in transition probabilities then can be used to
compute a new HR availability projection. A user who has prior knowledge
of the effect of a policy change in transition probabilities may directly
change the transition matrices and generate new HR availability
projections. If, instead, the user has prior knowledge of the effect
a change may have onthe individual attributes, the logit equations
will give an indication of how the effects may be translated into
variations of the transition probabilities.

The ability of the logit equations to estimate the sensitivity of i
the transition probabilities to individual attributes can also be used i
to identify candidate policy change options. Assuming that there is a
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particular transition rate that the PAM user desired to change, the
logit functions will be useful in determining which attribute changes
are most likely to result in that desired rate change. Again, the user
must have some prior knowledge of the ways in which policy changes
can affect the incidence of personnel attributes within the population
and/or transition rates for that population.

In summary, future HR availability will be affected by expected
or proposed changes in Air Force personnel policy. Such changes should
be evaluated through projections of future HR availability. This evaluation
can now be accomplished employing the technique of logit analysis along
with built-in PAM program features, when the user has prior knowledge
of which policy changes might be implemented in the future.
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EXTENDING THE RANGE OF THE PAM

The PAM was initially designed to project the future availability
of Air Force technical personnel. The projective capability was to be
applied only to technical personnel because they were considered to
be composed of homogeneous populations. This belief was developed
because technical personnel must successfully pass through a number
of screening devices during selection and training. Given this assumed
homogeneity, their future availability could easily be computed using
a fixed mathematical model.

The effort described in this report was an attempt to check the
validity of the mathematical projection approach, and thus, the assumption
of homogeneity. As described earlier, procedures were developed to
discover any personnel attributes which might upset the homogeneity
assumption and, thus, invalidate the use of a final mathematical model
(particularly, the Markov process model which is the basis of the PAM).

Contrary to the assumption made for technical personnel, non-
technical personnel were not assumed to be likely candidates for applica-
tion of the PAM because, for a variety of reasons, they were not
considered likely to be homogeneous.

Considering the results of the effort reported within this report,
it now seems likely that the PAM can be accurately applied to non-
technical personnel. The statistical techniques of categorical and
dependency analysis can be applied successfully to populations of non-
technical personnel to discover the driving attributes which affect their
transitions. Once these driving attributes are identified, homogeneous
subpopulations at a level below that of AFSC can also be identified
and used to project their future availability. Summing the projections
for the homogeneous subpopulations for a given year will result in the
availability of the entire population within the AFSC for the specified
year,

The transition probabilities for homogeneous subpopulations of
nontechnical personnel may also be varied based upon expected or pro-
posed changes in Air Force personnel policy. This is accomplished using
the technique of logit analysis. As long as homogeneity of subpopulations
is present, such modified projections should be accomplished as easily
as those for technical personnel.

In addition to achieving the objective of the effort, the result
of the effort described in this report is a dramatic widening in the
range of potential applications for the PAM. Along with technical
personnel, it is now entirely possible to project the future availability
of all Air Force personnel, regardless of AFSC. The PAM methodology
thus becomes a far more powerful planning tool.
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CONCLUSION

The work described in this report was designed to ascertain the
vatidity of the Markov process as it relates to Air Force personnel
possessing technical AFSCs. To achieve this objective two procedures
were developed. Procedure One is composed of two parallel statistical
techniques (categorical analysis and dependency analysis) and was developed
for application to the PAM data base. The purpose of this procedure
was to distinguish those driving attributes which may impact personnel
transition rates.

Procedure Two was developed to modify the projection process
in the event that impacting attributes were found in the data base.
The procedure permits homogeneous subpopulations to be formed and
then summed to provide a total availability for a given AFSC.

In  AFHRL-TR-79-68, Procedure One is applied directly to the
existing PAM data base. The results indicate that there are no impacting
personnel attributes other than the technical AFSC; therefore, the
application of Procedure Two was not required. However, the objective
of this effort was achieved, and the validity of the Markov model was
supported as valid for projecting the future availability of Air Force
personnel possessing technical AFSCs.

In addition, the two procedures have resulted in a general method-
ology which can be applied to any population regardlezs of AFSC. Use
of the methodology permits a user to recognize those personnel attributes
which affect transition rates and thus identify related homogeneous
subpopulations. Once the homogeneous subpopulations have been specified,
the projection procedure outlined in this report may be employed to
make accurate availability projections. Thus, this general methodology
permits the Markov model to be used with populations which are not
initially homogeneous. As a result, the range of application of the PAM
can be extended to all Air Force personnel.

A further byproduct of this effort involves the technique of logit
analysis. When reviewing this technique as related to dependency analysis,
it was found that logit analysis has application in reflecting expected
or proposed changes in Air Force personnel policy. As a result, it is
now possible to accurately modify PAM projections based upon such
changes.

33 PECIDLNG PaGR BLAE-NOT TILES




R e

REFERENCES

Goclowski, J. C., LoFaso, A. J., Peskoe, S. E., & Baran, H. A. Air

Force personnel availability analysis: A description of the
Personnel Availability Model (PK‘;W. KFﬁRE~||):§-79-§6. Wright-
Patterson AFB, OH: Advanced Systems Division, Air Force Human
Resources Laboratory, 1980.

Goclowski, J. C., LoFaso, A. J., Peskoe, S. E., & Baran, H. A. Air
Force personnel availability _analysis: Program description for
the Personnel Availability Model . AFHRL-TR-79-68.
Wright-Patterson AFB, OH: Advanced Systems Division, Air Force
Human Resources Laboratory, 1980.




APPENDIX A - LOGIT ANALYSIS

The basic concept of logit analysis [1,2] is similar to Ordinary
Least Squares (OLS) multiple regression techniques. If xi is a vector
of independent variables and y;i is the dependent variable, then OLS
determines the linear function of xi that best approximates the
probability distribution of Elyilxi), that is, the expected value of yi
given xi. A vector of coefficients, £, is sought so that xi' B is the
best estimate for E(yilxj). The criterion for "best" is to choose § such
that Ellyi xi) - xi' 12 is minimized, producing the least squares
estimate.

In this research, the objective is to determine the functional
relationship between transitions and attributes, where xi represents the
abbreviated UAR file for airman i and yi represents the transition an
airman made in 1975. Considering losses specifically, yi = | if the airman
left the Air Force in 1975; otherwise, yi = 0.

If all the variables were continuous, one of several software
packages that perform the OLS multiple regression could be readily
applied. However, the variables are not continuous. Several variables
are dichotomous or polytomous, and the others are discrete. Of most
importance here is the fact that the dependent variable is polytomous.
That is, an airman upgrades, leaves, transfers, or increments. He cannot
partially upgrade or half leave. (Refer to Table | earlier in this report
for a list of variables and their respective types--dichotomous, polytomous,
or discrete.)

A problem inherent in the structure of OLS regression is that
the estimates of the dependent variable y;i (that is, the xj' ) can take
on any numerical value despite the fact that yi = 0,\} only.
Therefore, OLS estimators of xi' § can be unreasonable. Restricted
least squares in which f is estimated by OLS with the constraint
that 0 < xi' f< I, is frequently a viable alternative. However, this
is not applicable to the problem at hand due to the dependence of the
variance of y on i which results in inefficient estimates of §. More
observations are required to achieve the same confidence limites on §
than would be the case if a procedure were used that estimates
independent of y's dependence on i. Although the reformulation of the
problem in logit analysis obviates the difficulties expressed above, there
is some generality and lack of precision.

Discrete dependent variable regression, of which logit analysis
is one technique, had its origin in the science of bioassay. In this
formulation, as above, yi is the ith dependent variable and equals | if
airman i left the Air Force. It is assumed that behind this dichotomous
variable (y) is an unobservable variable (z) with a continuous distribution. R
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Furthermore, each airman has a particular threshold level (zj),
which is dependent upon xj, such that yj = | if Zi< xi' Band
yi = 0 if zj >xi' B. As before,xi' Bis a linear function of x in which
xi denotes the attributes and is the vector of coefficients to be
estimated. The algebraic simplicity and computational tractability of
the logistic distribution and the fact that many natural populations follo
an approximate logistic function make the choice for the distribution
of z quite reasonable. The necessity of the assumption of a probabilistic
functional form between y and z is the loss of generality previously
noted.

If F(s) denotes the cumulative density function of z given x,
the following equations are true.

P {vi
P {y

ty

0}

P {Zis x;' le”: Flx;' 8)
I-F(x;' 8)

n
1]

The best estimate of B in this problem is chosen to be the
Maximum Likelihood Estimate (MLE). Likelihood, a basic concept of
mathematical statistics, can be thought of as a measure of the ability
of a probability density function to explain the variable y. It is the
joint probability of the yi and is denoted L (y; f, B where f is a given
density function. Here, the density function is the logistic, and B8 is
a parameter of the distribution. If B} and 82 are two estimates for B,
then B}, is a better estimate of B if L(y;f, B1) >L(y; f, P2). We
seek the estimate of b that gives the maximum value of L(y;f, B).
In the formulation of OLS, the least squares estimate is the MLE for
where f(s) is the normal distribution. The likelihood function is given
in the following equation.

n .
Lo = 7 Foq BT -Fot 811
=

If F(t) represents the logistic function, F(t) - (1+exp(4))!,-co<t<oo,
L(y) becomes:

=]

|
i _— Vi . ————
Liy) = '1’| [l+_exp(—xi' p)] ! ( 1 +exp(-x' 6)]

-Yi

exp £' B xj i
i 1 +explx;' P))
i
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Note that t* = Zx;y; is sufficient for [, where a sufficient statistic
i
is one that summarizes all of the relevant information about B supplied
by ithe sample data.

A
The MLE of 6, B, is found by setting the derivative of log
L(y) equal to zero and solving for p. Thus, the following equations
are derived.

L* = Log L = B't* - ZXlog (l+exp(xi' )N =0
i

% = E[I+exp(-xi' ﬁ)}"xi = inYi
i i

The equation is solved numerically for ff\ in the logit analysis
program. An additional and useful feature of this program is the
performance of the regression in a stepwise manner. This means that
the attributes are entered into the linear equation x' fone at a time.
The order of entry is again based on a maximpum likelihood criterion.

If x!, x2, and x3 are three atiributes, and Bi, B2, and B3 are the

respective MLEs when each xj is used alone, then x! will be chosen

first only if L(y;f(x!), %l) is greater than L(y;f(x2), B2) and

Liy;f(x3), B3). If x! is entered first, x2 will be entered only if

Liy;f(x!, x2), B12) >Liy;f(x!, x3), {l 3). The program will search

tgurough all possible attributes xj, building a linear function of xs and
until either oll attributes are entered or the addition of any remaining

attribute will not significantly increase the likelihood of the whole model.

Thus, if x!, x2, and x3 exist, and x!, x2 are already entered, then x3

will be entered only if:

A
'og L(Yj f(x|, XZ’ x3), 3'23) - 'Og L (Yj f (X‘, Xz)’ /é |2)> 2

in this case, Z is a user-specified value that sets the size or
significant level of the test. It is claimed that log L (y) is distributed
approximately as the X 2with | degree of freedom so that T : 3.84
sets the significance level at 5 percent. In other words, no attributes
are used unless they carry sufficient information about transitions to
significantly increase the ability to explain y.

Logit analysis determines the linear function of the attributes
that best explains the transitions using as few attributes as necessary
to reach a given confidence level.
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APPENDIX B - DISCRIMINANT ANALYSIS

Considering Air Force losses and retentions specifically, the logit
analysis gives the probabifity that a specific airman will leave the Air
Force and the discriminant analysis provides a measure of how similar
he is to each of the two groups. Logit analysis estimates loss probability,
conditioned on the attributes. Discriminant analysis [2,3] classifies
according to attributes conditioned on the transitions.

if there are n attributes under consideration, Xi is an n-dimensionai
vector that identifies an airman's location in the attribute space. In
the discriminant analysis formulation, X'Bl and X'B2 are two linear
functions of the Xs that are determined for maximizing the square
distance between group centroids in the attribute space. Let the sub-
population under investigation be partitioned into two groups:

Group | The set of airmen that remained in the Air Force.
Group 2 The set of losses.

The goal of discriminant analysis is to find the two linear functions
of X (F! and F2) that satisfy the following conditions.

I If Xi(1) is the UAR of airman i in Group | and Xj(2) is the UAR
of airman j in Group 2;

2. And if Yi(l) = FI(Xi(1)) and if Yj(2) = F2 (Xj(2)

then the average over i of Yi (1) and the average over jof Yj(2)
(these averages are the group centroids) are at a maximal
distance from each other in the n-dimensional attribute space.

The functions F! and F2? are approximated by Xi' £1 and Xi' $2,
respectively. Discriminant analysis serves to determine the £1 and
B 2 values that meet the listed criteria.

This is an analysis in which an attempt is made to place a given
airman into Group | or Group 2, based on his individual set of attributes.
It is possible to compute the posterior probability that the airman is
in either group. The solution of the classification problem is to assign
the airman to the group for which the posterior probability of member-
ship is largest. In effect, the question that has been answered is: In
terms of transitioning, to which group of airmen is the individual girman
most similar?

As with logit analysis, the discriminant analysis may be performed
in a stepwise manner by choosing, at each stage of an iterative process,
the independent variable that contains the most information about the
transitions. However, although this technique may be used in much the
same manner as the logit analysis, subtle differences in the interpretation ;
of results must be recognized.
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APPENDIX C - CONFIDENCE LIMITS

The transition probabilities used by the PAM are computed with
the maximum likelihood estimator appropriate to a Markov process with
stationary transition probabilities Consider a Markov state containing
airmen and a given type of transition out of the state that occurs with
probability p. The number of airmen who actually make that transition
is distributed as a binomial random variable (expressed as Equation Ci).

n!

Equation Cl P {X = x} :[(m] pX(1-p)n-x

The operands are:

X A random variable that counts the number of
airmen making the transition.

P A specific value of X.

P {.} The probability of the event within the braces.

n! The factorial operation (n) (n-1)n-2) . . . (1)

In general, p is unknown and must be estimated by observing
the system and counting the number of airmen who made specified
transitions. The maximum likelihood estimator for p is expressed as:

o
"
3 %

The operands are:

x The number of oirmen observed to make a given
transition from a given state.

n The population of the state.

The crucial question is: Given a data sample (basically x and n),
how far off is the estimated value p from the true value, p? This question
is more precisely addressed in Equation C2 which states that the
probability fhatyb (the estimated value) deviates from p (the true value)
by an ar.aunt greater than or equal to €is less than or equal to G,

Thus, the smaller that € ondAa. are, the more confidence that can
be ploced on the accuracy of p.

Equation C2 P | IS-Pl,Ze} < a

The operands are:

|-l The absolute value of the argument within the vertical
lines.

€ The magnitude of the error in the estimate

a The upper limit on the probability o

h <€ -1\

magnitude € .
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Equations C! and C2 can be used to analyze the small numbers
problem mentioned in this report. For stote populations less than 25,
there is a large probability of a significant error in the estimated
transition probability. It follows then, that Equation C2 should be
evaluated to determine the population size needed to estimate p with
a required accuracy. That is, given a required € and @, what is the
smallest acceptable sample size (Markov state population)?

The mlmmum sample size is derived from Equation C2.
Substituzing X for P, the equation tecomes:
n

P“%-plz €} < a

Removing the absolute value expression, the expression is written as:

P %x<n(p+€)}+P{X__<_n(p-e)}S a

Using the fact that x is an integer, the equation then becomes:

P{x2lnp+e)l+ 1} +p {x<nlp-e)l} < @

Using Equation C1, the expression can be explicitly evaluated
(as Equation C3) for a given sample size n.

Equation C3
n . ‘
Oy pX-px s ["S’ N px (1-pnx < @ ',f

x=n{p+e)+l X x=0

n! o

where () = @G0T

F~r a given a and €, Equation C3 is evaluated at successive
values of n (n=0, 1, 2, . . .) until she sums of the left-hand side are
less than a. Note that € enters the expression through the summation
indices, and that the sample size also depends on the probability (p)
which is being estimated. (For a larger n, the normal approximation

‘ to the binomial can be used to evaluate Equation C3.)
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Using the above analytical procedures, a table was produced
consisting of sample sizes (n) as a function of the transition probability
(p), the error (€) of the estimated B, and the probability of error (a)
of magnitude €. This list is contained in Table Cl. A researcher using
the PAM should consult this appendix in order to determine the probable
accuracy of the transition probability matrices computed for a given
subpopulation. For example, if a researcher required that the estimated
transition probability be within .15 of the true value with a confidence
limit of .9 = (1- a), the state population would have to be approximately
25, depending on the value of the transition probability (refer to Table CI).
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Table C! - Confidence Limits.

Error in
Transition Confidence
Probabiity, | _Limit_____________ Transition, ____State Population

0.050 0.950 0.100 134 ;
0.050 0.950 0.200 232
0.050 0.950 0.300 315
0.050 0.950 0.400 365
0.050 0.950 0.500 371
0.050 0.950 0.600 365
0.050 0.950 0.700 315
0.050 0.950 0.800 233
0.050 0.950 0.900 134
0.050 0.900 0.100 94
0.050 0.900 0.200 164
0.050 0.900 0.300 223
0.050 0.900 0.500 254
: 0.050 0.900 0.500 262
§ 0.050 0.900 0.600 254
; 0.050 0.900 0.700 223
0.050 0.900 0.800 165
0.050 0.900 0.900 94
0.050 0.850 ¢.100 T4
0.050 0.850 0.200 124
g 0.050 0.850 0.300 163
; 0.050 0.850 0.400 194
0.050 0.850 0.500 191
0.050 0.850 0.600 194
0.050 0.850 0.700 163
0.050 0.850 0.800 125
0.050 0.850 0.900 74
0.050 0.800 0.100 54
0.050 0.800 0.200 92
\ 0.050 0.800 0.300 135
} 0.050 0.800 0.3400 154
g 0.050 0.800 0.500 151
a 0.050 0.800 0.600 154
; 0.050 0.800 0.700 135
2 0.050 0.800 0.800 93
0.050 0.800 0.900 54
! 0.050 0.750 0.100 47
i 0.050 0.750 | 0.200 72
s 0.050 0.750 0.300 103
g 0.050 0.750 0.%00 125
: 0.050 0.750 0.500 122
; 0.050 0.750 9.5600 125
5_ 0.050 0.750 0.700 103
; 0.050 0.750 0.800 73
4 0.050 0.750 0.900 47
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Table Ct - Confidence Limits (continued).

Error in
Transition Confidence

Transition

State Ropulation

0.100 0.950
0.100 0.950
0.100 0.950
0.100 0.950
0.100 0.950
0.100 0.950
0.100 0.950
0.100 0.950
0.100 0.950
0.100 0.900
0.100 0.900
0.100 0.900
- 0.100 0.900
é 0.100 0.900
0.100 0.900
0.100 0.900
} 0.100 0.900
0.100 0.900
0.100 0.850
0.100 0.850
0.100 0.850
0.100 0.850
0.100 0.850
0.100 0.850
0.100 0.850
0.100 0.850
0.100 0.850
0.100 0.800
0.100 0.800
0.100 0.800
0.100 0.800
0.100 0.800
0.100 0.800
0.100 0.800
0.100 0.800
0.100 0.800
0.100 0.750
{ 0.100 0.750
- . 0.100 0.750
; 0.100 0.750
0.100 0.750
0.100 0.750
0.100 0.750
0.100 0.750
0.100 0.750
¥
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0.100
0.200
0.300
0.400
0.500
0.600
0.700
0.800
0.900
0.100
0.200
0.300
0.400
0.500
0.600
0.700
0.800
0.900
0.100
0.200
0.300
0.400
0.500
0.600
0.700
0.800
0.900
0.100
0.200
0.300
0.400
0.500
0.600
0.700
0.800
0.900
0.100
0.200
0.300
0.400
0.500
0.600
0.700
0.800
0.900
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Table Cl - Confidence Limits (continued).

Error in
Transition Confidence
Probgbilidy .o .- - J N1, ]| Transition_ __ State Population _
0.150 0.950 0.100 31
0.150 0.950 0.20C. 20
0.150 0.950 0.300 36
0.150 0.950 0.400 39
0.150 0.950 0.500 37
ﬁ‘ 0.150 0.950 0.600 39
; 0.150 0.950 0.700 36
0.150 0.950 0.800 20
3 0.900 31
0.100 24
0.200 15
0.300 25
0.400 24
0.500 28
0.600 24
0.700 20
0.800 15
0.900 25
0.100 20
0.200 12
0.300 18
0.400 20
0.500 17
0.600 22
0.700 18
0.800 12
0.900 21
0.100 17
0.200 12
0.300 16
0.400 15
0.500 14
0.600 15
0.700 16
0.800 12
0.900 17
0.100 16
0.200 9
0.300 12
0.400 11
0.500 1"
0.600 1
0.700 12
0.800 9
0.900 17
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Table C! - Confidence Limits (continued).

Error in

Transition Confidence

Probability .. &imit oo Tronsition | State Popvlation |
0.200 0.950 0.100 29
0.200 0.950 0.200 18
0.200 0.950 0.300 18
0.200 0.950 0.400 22
0.200 0.950 0.500 23
0.200 0.950 0.600 22
0.200 0.950 0.700 18
0.200 0.950 0.800 18
0.200 0.950 0.900 29
0.200 0.900 0.100 23
0.200 0.900 0.200 13
0.200 0.900 0.300 14
0.200 0.900 0.400 14
0.200 0.900 0.500 13
0.200 0.900 0.600 14
0.200 0.900 0.700 10
0.200 0.900 0.800 13
0.200 0.900 0.900 23
0.200 0.850 0.100 19
0.200 0.850 0.200 10
0.200 0.850 0.300 8
0.200 0.850 0.400 12
0.200 0.850 0.500 12
¢.200 0.850 0.600 12
0.200 0.850 0.700 8
0.200 0.850 0.800 11
0.200 0.850 0.900 19
0.200 0.800 0.100 17
0.200 0.800 0.200 10
0.200 0.800 0.300 6
0.200 0.800 0.400 9
0.200 0.800 0.500 9
0.200 0.800 0.600 9
0.200 0.800 0.700 6
0.200 0.800 0.800 11
0.200 0.800 0.900 17
0.200 0.750 0.100 14
0.200 0.750 0.200 8
0.200 0.750 0.300 6
0.200 0.750 0.400 9
0.200 0.750 0.500 3
0.200 0.750 0.600 9
0.200 0.750 0.700 6
0.200 0.750 0.800 8
0.200 0.750 0.900 14
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